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DEPARTMENT  OF  THE  ARMY 

I  NEW  ENGLAND  DIVISION.  CORPS  OF  ENGINEERS 

424  TRAPELO  ROAD 
WALTHAM.  MASSACHUSETTS  02254 

REPLY  TO 
ATTENTION  OF: 

')E0ED  APR  o  6  1981 


Honorable  Richard  A.  Snelling 
Governor  of  the  State  of  Vermont 
State  Capitol 

Montpelier,  Vermont  05602 


Dear  Governor  Snelling: 

Inclosed  Is  a  copy  of  the  Institute  Pond  Dam  (VT-00216)  Phase  I 
Inspection  Report,  which  was  prepared  under  the  National  Program  for 
Inspection  of  Non-Federal  Dams.  This  report  is  presented  for  your  use 
and  Is  based  upon  a  visual  inspection,  a  review  of  the  past  performance 
and  a  brief  hydrological  study  of  the  dam.  A  brief  assessment  is  in¬ 
cluded  at  the  beginning  of  the  report.  I  have  approved  the  report  and 
support  the  findings  and  recommendations  described  in  Section  7  and  ask 
that  you  keep  me  informed  of  the  actions  taken  to  Implement  them.  This 
follow-up  action  is  a  vitally  Important  part  of  this  program. 

A  copy  of  this  report  has  been  forwarded  to  the  Department  of  Water 
Resources,  the  cooperating  agency  for  the  State  of  Vermont.  In 
addition,  a  copy  of  the  report  has  also  been  furnished  the  owner, 

Philip  Mathewson,  Lyndon  Center,  Vermont  05850. 

Copies  of  this  report  will  be  made  available  to  the  public,  upon 
request,  by  this  office  under  the  Freedom  of  Information  Act.  In  the 
case  of  this  report  the  release  date  will  be  thirty  days  from  the  date 
of  this  letter. 

I  wish  to  take  this  opportunity  to  thank  you  and  the  Department  of 
Water.  Resources  for  your  cooperation  in  carrying  out  this  program. 

Sincerely, 

C.  E.  EDGAR,  III 
Colonel,  Corps  of  Engineers 
Division  Engineer 


Incl 

As  stated 


NATIONAL  DAM  INSPECTION  PROGRAM 
PHASE  I  -  INSPECTION 
BRIEF  ASSESSMENT 


Identification  Number: 
Name  of  Dam: 

Town: 

County  and  State: 
Stream: 

Date  of  Inspection: 


VT00216 

Institute  Pond  Dam 
Lyndon 

Caledonia,  Vermont 
Passumpsic  River  tributary 
September  30,  1980 


Institute  Pond  Dam  is  a  250-foot  long,  26-foot  high  earth  embankment 
with  an  upstream  slope  of  2.6H:1V  and  a  downstream  slope  of  2.6H:1V.  A  10- 
foot  wide,  106-foot  long  concrete  chute  spillway  with  crest  elevation  4.5 
feet  below  top  of  dam  is  located  near  the  right  abutment.  The  spillway  is 
ungated.  „„ate  Aid  Highway  9  divides  the  impounded  water.  The  two  ponds, 
pond  #1  (downstream)  and  pond  #2  (upstream)  are  connected  by  a  48-inch 
diameter  culvert  which  runs  under  the  road. 


Visual  inspection  of  the  dam  indicated  the  dam  is  in  poor  condition. 

The  inspection  revealed  potential  structural  problems,  such  as,  the  encroach 
ment  of  flora  growth  on  the  earth  dam,  an  actively  discharging  seepage  area 
at  the  toe  of  the  dam  and  the  erosion  of  the  concrete  on  the  chute  spillway. 

Based  on  the  small  size  of  the  dam  and  its  High  hazard  classification 
and  in  accordance  with  Corps  of  Engineers  Guidelines,  the  test  flood  inflow 
should  be  of  a  magnitude  ranging  from  the  H  Probable  Maximum  Flood  to  the 
Probable  Maximum  Flood  (PMF).  The  PMF  was  used  for  the  test  flood  inflow 
resulting  in  a  discharge  at  the  earth  embankment  of  726  cfs,  at  which  time 
the  dam  would  be  overtopped  by  0.7  feet.  With  a  water  level  at  the  crest  of 
the  dam,  the  capacity  of  the  concrete  chute  spillway  is  305  cfs  which  is  42 
per  cent  of  the  routed  test  flood  outflow.  Furthermore,  in  routing  the  PMF 
test  flood  for  the  upper  pond,  pond  #2,  through  the  48-inch  culvert,  the 
road  embankment  (State  Aid  Highway  9)  would  be  overtopped  by  2.7  feet. 


The  owner  should  engage  a  qualified  registered  engineer  to  investigate 
the  seepage  problems  of  the  earth  dam  and  the  discharge  capacity  of  the 
project.  Other  recommendations  and  remedial  measures  are  described  in 
Section  7  and  should  be  addressed  within  one  year  after  receipt  of  this 
Phase  I  Inspection  Report. 


Very  truly  yours, 
DuBois  &  King,  Inc. 


Robert  J.  Wernecke,  P.E. 
Project  Manager 


RJW/ta 

Attachments 


This  Phase  I  Inspection  Report  on  Institute  Pond  Dam  (VT-00216) 
has  been  reviewed  by  the  undersigned  Review  Board  members.  In  our 
opinion,  the  reported  findings,  conclusions,  and  recommendations  are 
consistent  with  the  Recommended  Guidelines  for  Safety  Inspection  of 
Dams,  and  with  good  engineering  judgement  and  practice,  and  is  hereby 
submitted  for  approval. 


APPROVAL  RECOMMENDED: 


JOE  B.  FRYAR 

Chief,  Engineering  Division 


PREFACE 


This  report  is  prepared  under  guidance  contained  in  the  Recommended 
Guidelines  for  Safety  Inspection  of  Dams,  for  Phase  I  Investigations. 

Copies  of  these  Guidelines  may  be  obtained  from  the  Office  of  Chief  of 
Engineers,  Washington,  D.C.  20314.  The  purpose  of  a  Phase  I  investigation 
is  to  identify  expeditiously  those  dams  which  may  pose  hazards  to  human  life 
or  property.  The  assessment  of  the  general  condition  of  the  dam  is  based 
upon  available  data  and  visual  inspections.  Detailed  investigation,  and 
analyses  involving  topographic  mapping,  subsurface  investigations,  testing, 
and  detailed  computational  evaluations  are  beyond  the  scope  of  a  Phase  I 
investigation;  however,  the  investigation  is  intended  to  identify  any  need 
for  such  studies. 

In  reviewing  this  report,  it  should  be  realized  that  the  reported 
condition  of  the  dam  is  based  on  observations  of  field  conditions  at  the 
time  of  inspection  along  with  data  available  to  the  inspection  team.  In 
cases  where  the  reservoir  was  lowered  or  drained  prior  to  inspection,  such 
action,  while  improving  the  stability  and  safety  of  the  dam,  removes  the 
normal  load  on  the  structure  and  may  obscure  certain  conditions  which  might 
oth  rwise  be  detectable  if  inspected  under  the  normal  operating  environment 
of  the  structure. 

It  is  important  to  note  that  the  condition  of  a  dam  depends  on  numerous 
and  constantly  changing  internal  and  external  conditions,  and  is  evolutionary 
in  nature.  It  would  be  incorrect  to  assume  that  the  present  condition  of 
the  dam  will  continue  to  represent  the  condition  of  the  dam  at  some  point  in 
the  future.  Only  through  continued  care  and  inspection  can  there  be  any 
chance  that  unsafe  conditions  be  detected. 

Phase  I  inspections  are  not  intended  to  provide  detailed  hydrologic  and 
hydraulic  analyses.  In  accordance  with  the  established  Guidelines,  the 
Spillway  Test  Flood  is  based  on  the  estimated  "Probable  Maximum  Flood"  for 
the  region  (greatest  reasonably-possible  storm  runoff),  or  fractions  thereof. 
Because  of  the  magnitude  and  rarity  of  such  a  storm  event,  a  finding  that  a 
spillway  will  not  pass  the  test  flood  should  not  be  interpreted  as  necessarily 
posing  a  highly  inadequate  condition.  The  test  flood  provides  a  measure  of 
relative  spillway  capacity  and  serves  as  an  aid  in  determining  the  need  for 
more  detailed  hydrologic  and  hydraulic  studies,  considering  the  size  of  the 
dam,  its  general  condition  and  the  downstream  damage  potential. 

The  Phase  I  investigation  does  not  include  an  assessment  of  the  need 
for  fences,  gates,  no-trespassing  signs,  repairs  to  existing  fences  and 
railings  and  other  items  which  may  be  needed  to  minimize  trespass  and  provide 
greater  security  for  the  facility  and  safety  to  the  public.  An  evaluation 
of  the  project  for  compliance  with  OSHA  rules  and  regulations  is  also  excluded. 
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The  dam  is  a  250  ft.  long,  26  ft.  high  earth  embankment  with  an  upstream  slop  of 
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inspection  revealed  potential  structural  problems.  It  is  small  in  size  with  a 
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igate  the  seepage  problems  of  the  earth  dam  and  the  discharge  cpacity  of  the 
project. 
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SECTION  5 

EVALUATION  OF  HYDRAULIC/HYDROLOGIC  FEATURES 


5.1  General 


Institute  Pond  Dam  is  an  earth  dam  with  a  length  of  approximately  250 
feet  and  a  structural  height  of  26  feet.  The  appurtenant  works  consist  of 
a  concrete  chute  spillway  10  feet  wide  and  105  feet  long.  There  is  also 
a  concrete  valve  box  on  the  downstream  toe  of  the  dam  which  controls  an 
unknown  sized  drainage  system  for  the  dam. 

The  spillway  has  an  ungated  elevation  of  96  feet.  At  the  top  of  the 
dam,  the  spillway  can  convey  305  cfs. 

The  watershed  of  Lyndon  Institute  Pond  is  relatively  steep,  mountainous 
terrain  with  half  the  land  forest  and  the  other  half  open  land.  Development 
in  the  watershed  is  limited  mainly  to  Lyndon  Institute  located  on  the 
shore  of  the  pond  and  Lyndon  State  College  situtated  near  the  headwaters. 

The  surface  area  of  the  two  ponds  (3  acres  at  maximum  pool),  represents 
approximately  2%  of  the  basin  area. 


5.2  Design  Data 

Data  on  the  hydrologic  design  of  Institute  Pond  Dam  is  not  available. 


5.3  Experience  Data 

There  are  no  recorded  experiences  of  overtopping  but,  a  witness 
recalls  that  during  the  1927  flood,  the  water  level  rose  to  within  one 
foot  of  the  top  of  the  dam  at  the  low  spot  on  the  left  abutment.  Also 
during  the  1973  flood  the  road  embankment  (State  Aid  Highway  #9)  at  Pond 
#2  was  almost  overtopped  due  to  the  discharge  capacity  of  the  48-inch 
culvert.  It  should  be  noted  that  the  dam  failure  in  1911  apparently  was 
not  due  to  flood  flows. 


5.4  Test  Flood  Analysis 

Institute  Pond  Dam  is  26  feet  high  and  has  a  storage  capacity  of  44.6 
acre-feet.  In  accordance  with  Article  2.1.1.  of  the  "Recommended  Guidelines 
for  Safety  Inspection  of  Dams",  the  dam  is  Small  in  Size  based  upon  its 
height,  which  is  greater  than  25  feet  and  less  than  40  feet.  The  hazard 
potential  classification  was  determined  to  be  High  because  failure  of 
Institute  Pond  Dam  is  likely  to  endanger  more  than  a  few  lives  in  a  number 
of  dwellings  along  the  tributary  and  in  the  area  of  the  culvert  under 
State  Route  122.  In  accordance  with  "Recommended  Guidelines  for  Safety 


SECTION  4 

OPERATIONAL  AND  MAINTENANCE  PROCEDURES 


4.1  Operational  Procedures 

a.  General .  Institute  Pond  Dam  creates  an  impoundment  of  water 
which  is  divided  into  two  ponds  by  a  road  embankment  (State  Aid 
Highway  #9).  The  two  ponds  are  connected  by  a  48-inch  culvert. 
Both  ponds  are  controlled  by  Pond  #T  s  concrete  chute  spillway 
which  has  a  crest  elevation  of  96.0  feet.  Pond  #2  is  further 
controlled  by  the  48-inch  culvert  with  an  invert  elevation  of 
95.4  feet.  The  two  ponds  are  used  primarily  for  aesthetics. 

There  is  reportedly  a  drainage  system  for  the  dam,  but  has  not 
been  used  in  many  years  and  it  is  not  known  whether  the  valve  is 
operable. 

b.  Warning  System.  There  is  no  formal  warning  system  to  alert 
downstream  residents  in  case  of  an  emergency  at  the  dam. 

4.2  Maintenance  Procedures 

a.  General .  There  is  no  set  program  for  maintaining  the  dam. 
Neither  the  present  owner,  Mr.  Mathewson,  or  the  Lyndon  Institute, 
who  are  jointly  responsible  for  operation  and  maintenance  of  the 
dam  according  to  the  deed,  have  performed  any  maintenance  in  the 
recent  past.  This  is  evidenced  by  the  growth  of  trees  and  brush 
on  the  dam  and  the  fact  that  the  drain  has  not  been  operated  in 
many  years. 


4.3  Evaluation 


There  was  no  evidence  that  any  maintenance  had  occurred  for  a 
period  of  years.  The  general  operational  and  maintenance  procedures 
can  be  described  as  poor  to  non-existent.  There  is  a  possibility  of 
serious  problems  developing  as  implied  from  Section  3.2. 

The  owner  should  establish  written  procedures  for  operating  and 
maintaining  the  structure.  Also  a  formal  downstream  flood  warning  and 
surveillance  plan  should  be  adopted,  including  round-the-clock  monitoring 
during  heavy  precipitation. 


3.2  Evaluation 


On  the  basis  of  the  visual  inspection  the  dam  is  judged  to  be  in  poor 
condition.  The  following  features,  if  left  unattended,  could  result  in 
further  deterioration  of  this  dam. 


Major  seepage  occurring  at  the  downstream  toe  near  the  right  end  of 
the  dam  could  result  in  a  piping  failure  of  the  dam  or  instability  of  the 
downstream  slope.  Soft  ground  along  the  contact  between  the  downstream  slope 
and  the  left  abutment  is  indicative  of  a  seepage  condition  that  might  result 
in  instability  of  the  dam.  Trees  and  brush  which  are  growing  on  the  crest, 
upstream  slope  and  downstream  slope  of  the  dam  may  cause  serious  erosion  and 
seepage  problems  if  trees  remain  growing,  fall  over  and  pull  out  its  roots, 
or  if  trees  die  and  its  roots  rot.  An  animal  burrow  which  was  observed  on 
the  downstream  slope  of  the  dam  could  be  a  focus  for  seepage  and  piping  which 
might  result  in  breaching  of  the  dam. 

There  is  no  erosion  protection  other  than  vegetation  on  the  upstream 
slope  and  some  evidence  that  erosion  has  occurred  in  the  past  near  the  waterline. 
If  erosion  is  not  controlled,  it  could  lead  to  breaching  of  the  dam. 

The  concrete- va 1 ve  box  structure  near  the  downstream  toe  of  the  dam 
requires  a  more  detailed  inspection  to  assure  that  the  piping  system  through 
the  dam  is  not  under  pressure.  If  a  pressure  conduit  condition  exists  this 
condition  should  be  remedied.  The  downstream  slope  of  the  dam  appears  to 
have  subsided  or  eroded  on  the  downstream  and  right  edges  of  the  concrete- 
valve  box  structure,  either  of  which  phenomena  could  potentially  endanger  the 
stability  of  the  downstream  slope. 

The  large  number  of  trees  overhanging  the  chute  spillway  could  poten¬ 
tially  endanger  the  discharge  capacity  of  the  spillway  if  fallen  trees  or 
limbs  accumulate  in  the  spillway.  A  large  tree  growing  adjacent  to  the  chute 
spil'  ay  could  break  the  spillway  if  it  falls  over  and  pulls  out  its  roots. 

Erosion  of  the  fill  against  a  training  wall  at  the  downstream  end  of  the 
concrete-chute  spillway  has  taken  place  and  could  result  in  a  failure  of  the 
training  wall  if  the  erosion  is  not  controlled. 


The  concrete  spillway  efflorescence  will  probably  result  in  eventual 
scaling  of  concrete  surfaces.  The  erosion  of  concrete  near  the  joints  or  the 
spillway  chute  could  result  in  holes  through  the  concrete  spillway.  The 
deterioration  of  the  concrete  near  the  drop  sturcture  might  result  in  the 
collapse  of  a  short  section  of  concrete  wall  into  the  channel . 


The  presence  of  trees, 
and  a  pile  of  cut  brush  and 
slope  make  it  impossible  to 


brush,  and  coarse  vegetation  on  the  embankment 
small  trees  on  the  right  end  of  the  downstream 
inspect  the  embankment  adequately. 
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It  is  not  evident  whether  the  low  elevation  of  the  fill  on  the  right  and 
downstream  edges  is  due  to  erosion,  settlement,  or  the  fill's  having 
been  placed  that  way  at  the  time  of  construction. 

There  is  a  4-inch  cast  iron  pipe  (Photo  21)  discharging  freely  into  the 
stream  about  40  feet  downstream  of  the  drop  structure  of  the  spillway. 

The  source  of  the  water  is  unknown,  but  the  pipe  appears  to  be  a  part  of 

the  valve  box  and  may  be  either  part  of  the  drain  system  or  of  the  old 

water  supply. 

d.  Reservoir  Area.  The  water  impounded  by  the  dam  is  divided  into  two 

ponds  by  a  road  embankment  (State  Aid  Highway  #9).  The  two  ponds  are 
connected  by  a  48-inch  culvert  (Photos  2  &  3,  see  Possible  Flood  Damage 
Map  -  Appendix  D) .  The  water  appears  to  be  rather  shallow  in  both 
ponds,  as  a  result  of  sedimentation.  The  storage  volume  and  surface 
area  of  the  two  ponds  combined,  at  spillway  crest  elevation  are  28.6 
acre-feet  and  2.6  acres,  respectively  and  are  divided  almost  equally 
between  the  ponds  (see  Appendix  D,  page  2  of  31).  Trees  are  overhanging 

the  right  side  of  the  pond  next  to  the  approach  channel  for  the  spillway 

at  the  right  end  of  the  dam. 

e.  Downstream  Channel.  The  downstream  channel  below  the  training  wall 

of  the  drop  structure  is  the  natural  streambed.  The  channel  is  significantly 
obstructed  by  fallen  trees  (Photo  22);  however,  due  to  its  location  (40 
feet  downstream  of  the  dam)  it  poses  no  threat  to  the  dam. 

Water  is  discharging  from  the  right  bank  of  the  downstream  channel  about 
150  feet  downstream  of  the  downstream  end  of  the  spillway.  It  appears 
that  this  is  a  natural  spring  discharging  groundwater  from  the  side  of 
the  valley,  and  that  it  is  not  associated  with  seepage  from  the  reservoir. 
There  is  a  similar  discharge,  also  believed  to  be  unassociated  with  the 
reservoir  on  the  left  bank  of  the  downstream  channel  about  175  feet 
downstream  from  the  downstream  end  of  the  spillway. 

The  bottom  of  the  natural  valley  on  the  left  bank  of  downstream  channel 
is  covered  with  a  few  inches  of  gray  silt  in  the  vicinity  of  the  skating 
rink  which  was  constructed  on  fill  higher  up  on  the  left  side  of  the 
valley.  This  silt  appears  to  be  the  result  of  erosion  of  the  fill  on 
which  the  skating  rink  was  built,  probably  exacerbated  by  the  large 
quantity  of  rainfall  runoff  from  the  roof  of  the  skating  rink.  There 
were  several  erosion  channels  and  sinkholes  up  to  about  5  feet  in  diameter 
along  the  top  edge  of  the  fill  between  the  skating  rink  and  the  valley 
bottom  (Photos  23  and  24).  There  is  no  evidence  to  indicate  that  the 
erosion  and  sinkholes  are  associated  with  seepage  from  the  pond. 
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The  area  immediately  downstream  of  the  toe  near  the  right  end  of  the  dam 
was  actively  discharging  seepage  at  an  estimated  rate  of  10  to  15  gallons 
per  minute  at  the  time  of  the  inspection.  Standing  water  was  also 
observed  (Photo  7)  between  the  toe  of  the  dam  and  the  downstream  end  of 
the  concrete  chute-spillway  and  drop  structure,  which  carries  the  overflow 
about  40  feet  downstream  of  the  toe  of  the  dam  along  the  right  side  of 
the  valley  before  discharging  it  into  the  natural  stream  channel.  The 
seepage  water  was  rusty  but  showed  no  evidence  that  it  was  carrying 
suspended  soil  particles. 

Abutments.  Both  abutments  of  the  dam  appear  to  consist  of  soil.  The 
left  abutment  consists  of  a  ridge,  the  downstream  side  of  which  has  been 
excavated  for  development  of  an  indoor  skating  rink.  The  area  between 
the  skating  rink  building  floor  and  the  ridge  is  about  10  feet  lower 
than  the  crest  of  the  dam  and  is  covered  with  sand  and  gravel.  It 
showed  no  sign  of  seepage  or  wetness  at  the  time  of  the  inspection,  but 
it  is  reported  that  some  seepage  occurred  in  that  area  when  the  excavation 
was  made  during  construction  of  the  skating  rink  and  before  the  sand  and 
gravel  fill  was  placed. 

c.  Appurtenant  structures.  The  concrete  chute  spillway  located  on  the 
right  side  of  the  dam  is  completely  concealed  by  overhanging  trees.  The 
concrete  chute  spillway  (Photo  8)  shows  evidence  of  efflorescence  in  the 
training  walls  near  the  crest  of  the  spillway  (Photos  9  &  10).  Water 
probably  leaks  through  the  training  walls  to  cause  the  appearance. 

The  training  walls  and  channel  bottom  erosion  of  the  concrete  chute 
spillway  has  occurred  at  many  of  the  construction  joints  and  shrinkage 
cracks  (Photos  11,  12  &  13).  Concrete  erosion  and  deterioration  has 
also  occurred  at  the  spillway  drop  structure  (Photos  14  &  15)  and  at  the 
base  of  the  right  side  training  wall  downstream  of  the  drop  structure 
(Photo  16). 

On  the  left  (downslope)  edge  of  the  concrete  chute  spillway  there  is  a 
4-foot  diameter,  hollow  maple  tree  with  a  large  animal  burrow  near  its 
base  (Photo  17).  It  is  close  enough  to  the  chute  spillway  that  it  could 
damage  the  spillway  if  it  falls  over  and  pulls  out  its  roots. 

The  downstream  end  of  the  concrete  chute  spillway  (Photo  18)  and  of  the 
concrete  drop-structure  consists  of  a  concrete  training  wall  which  is 
approximately  perpendicular  to  the  right  bank  of  the  downstream  channel. 
The  fill  on  the  downstream  side  of  this  training  wall  has  been  eroded  1- 
2  feet  below  the  top  of  the  wall  and  there  are  logs,  brush,  and  debris 
in  the  eroded  area  (Photo  19).  It  appears  that  the  erosion  and  the 
accumulation  of  logs  brush,  and  debris  may  be  the  result  of  spillway 
discharge  water  flowing  over  the  top  of  the  training  wall. 

There  is  a  concrete-val ve  box  structure  with  a  steel  plate  cover  about 
65  feet  from  the  left  training  wall  of  the  chute  spillway  and  5  feet 
above  the  downstream  toe  (Photo  20).  The  structure  is  about  5h  feet 
square  in  plan  view.  Along  the  downstream  and  left  (right  in  Photo  20 
which  is  looking  upstream)  edges  of  the  structure,  the  embankment  is 
within  about  6-inches  of  the  top  of  the  structure. 
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SECTION  3 
VISUAL  INSPECTION 


3.1  Findings 

a.  General .  The  field  inspection  of  Institute  Pond  Dam  was  performed 
on  September  30,  1980.  The  weather  was  overcast.  The  inspection 
team  included  personnel  from  DuBois  &  King,  Inc.,  Geotechnical 
Engineers,  Inc.,  and  Knight  Consulting  Engineers,  Inc.  A  copy  of  the 
inspection  checklist  as  completed  during  the  field  inspection  is 
included  as  Appendix  A.  At  the  time  of  the  inspection  the  water 
level  was  at  the  spillway  crest  (elevation  96  feet).  Consequently, 

no  assessment  could  be  made  of  the  upstream  face  of  the  structure 
below  normal  pool  elevation. 

b.  0am.  The  dam  is  a  26-foot  high  earth  embankment  with  a  length  of 
250  feet  and  a  10  foot  top  width  (Photo  1).  The  water  impounded  by 
the  dam  is  divided  into  two  ponds  by  a  road  embankment  (State  Aid 
Highway  #9).  The  two  ponds  are  connected  by  a  48-inch  culvert  (Photos 

2  &  3). 

Crest  of  dam.  The  crest  of  the  dam  is  somewhat  irregular  but  no 
evidence  of  slumping  was  observed.  The  crest  of  the  dam  is  covered 
with  grass,  extensive  brush,  and  small  trees,  most  of  which  are  less 
than  about  4-inches  in  diameter  (Photo  4).  Near  the  right  end  of  the 
crest  there  is  a  stump  of  a  tree,  about  12  inches  in  diameter,  which 
was  recently  cut. 

Upstream  slope  of  dam.  The  upstream  slope  of  the  dam  is  about 
1H : 2. 6V  and  is  covered  with  grassy  vegetation,  brush,  and  small 
trees.  There  is  a  terrace-like  feature  on  the  upstream  slope,  about 

3  to  4  feet  wide  and  about  1/2  foot  above  the  pond  level  at  the  time 
of  the  inspection  (Photo  5).  No  evidence  of  active  erosion  on  this 
terrace  was  observed. 

Downstream  slope  of  dam.  The  downstream  slope  of  the  dam  is  about 
1H:2.6V  and  is  covered  with  grassy  vegetation,  brush,  and  some  trees 
up  to  about  4  inches  in  diameter  (Photo  6).  The  growing  brush  and  a 
pile  of  cut  brush  and  trees  on  the  downstream  slope  near  the  right 
end  of  the  dam  make  it  impossible  to  inspect  the  downstream  slope 
adequately.  There  is  one  animal  burrow  on  the  downstream  slope  10 
feet  from  the  left  training  wall  of  the  chute  spillway  and  halfway 
between  the  crest  and  toe  of  the  dam.  The  lower  part  of  the  downstream 
slope  in  the  central  section  of  the  dam  is  covered  with  waterborne 
vegetation,  although  the  slope  itself  in  that  area  was  not  wet  or 
soft  at  the  time  of  the  inspection. 

The  contact  between  the  downstream  slope  and  the  left  abutment  was 
soft  and  showed  some  evidence  (small  grass-covered  channels)  of  past 
erosion  but  no  evidence  of  active  seepage  at  the  time  of  the  inspection. 
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SECTION  2 
ENGINEERING  DATA 


2. 1  Design 

There  is  no  design  information  available  for  either  the  original 
construction  of  the  dam  or  its  reconstruction  following  its  failure  in 
the  year  1911. 

2.2  Construction  Data 

All  information  is  from  photographs  taken  during  the  two  construction 
periods  before  and  after  the  failure  in  1911. 

2.3  Operation 

No  operating  manual  exists  for  Institute  Pond  Dam.  The  drain  valve 
has  not  been  operated  in  many  years.  The  Vermont  Department  of  Water 
Resources  has  on  file  records  of  past  inspections  performed  by  its 
personnel . 

2.4  Evaluation 


a.  Avail abil ity.  The  available  information  is  not  sufficient  for 
stability  analyses  of  the  dam  or  the  appurtenant  structures.  The 
only  background  data  which  could  be  located  consisted  of  construction 
photographs  and  inspection  reports  by  the  Department  of  Water 
Resources  of  the  State  of  Vermont. 

b.  Adequacy.  The  lack  of  engineering  data  did  not  allow  for  a 
definitive  review.  Therefore,  the  adequacy  of  this  dam  could  not 

be  assessed  from  the  standpoint  of  reviewing  design  and  construction 
data.  All  assessments  were  based  primarily  on  visual  inspection, 
eye  witness  accounts  of  past  performance,  previous  inspections,  and 
sound  hydrologic  and  structural  engineering  judgment. 


(1) 

Type 

concrete  chute 
spillway 

(2) 

Length  of  weir 

10-feet 

(3) 

Crest  Elevation 

96.0 

(4) 

Gate 

None 

(5) 

Upstream  Channel 

N/A 

(6) 

Downstream  Channel 

natural  river  bed 

Requlatinq  Outlets 

(1) 

Invert 

Unknown 

(2) 

Size  (Conduit) 

Unknown 

(3) 

Description 

Unknown 

(4) 

Control  Mechanism 

Valve  Box  on 
downstream  embankment 
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(4)  Top  of  dam  41.3 

(5)  Test  flood  pool  43.6 

f.  Reservoir  Surface  (acres)  (Ponds  #1  and  #2  combined) 

(1)  Normal  pool  2.6 

(2)  Flood-control  pool  N/A 

(3)  Spillway  crest  (ungated)  2.6 

(4)  Test  flood  pool  3.1 


(5)  Top  of  dam 


g.  Dam 


(1)  Type 

(2)  Length 

(3)  Height 

(4)  Top  Width 

(5)  Side  Slopes 

Upstream 

Downstream 

(6)  Zoning 

(7)  Impervious  Core 


(8)  Cutoff 

(9)  Grout  curtain 
Diversion  and  Regulating  Tunnel 

Not  applicable 


Earth  Dam 


250  feet 


26  feet 


10  feet 


1:2.6 

1:2.6 

Unknown 

Unknown.  Photos 
of  the  1911  pre¬ 
construction  and 
1911  breach  of 
Institute  Pond  Dam 
all  indicate  that 
the  dam  had  a 
concrete  core 
wall  at  least 
part  of  its  length. 

Unknown 

Unknown 
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5. 


Total  Project  Discharge 


The  total  project  discharge  at  the  top  of  the  dam  is  305  cfs 
at  elevation  100.5  feet.  During  the  test  flood,  the  inflow 
and  the  outflow  are  both  726  cfs  at  elevation  101.2  feet. 


c.  Elevation  (feet) 


(1) 

Streambed  at  toe  of  dan 

74.5 

(2) 

Bottom  of  cutoff 

N/A 

(3) 

Maximum  tail water 

N/A 

(4) 

Normal  pool 

96 

(5) 

Full  flood  control  pool 

N/A 

(6) 

Spillway  crest  (ungated) 

96 

(7) 

Design  surcharge  (Original  Design) 

Not  known 

(3) 

Top  of  dam 

100.5 

(9) 

Test  flood  design  surcharge 

101.2 

(10)  Top  of  State  Aid  Highway  9 

102.3 

Reservoir  Length  (feet)  (Ponds  #1  and  #2  combined) 

(1) 

Normal  pool  el.  96.0 

650 

(2) 

Flood  control  pool 

N/A 

(3) 

Spillway  crest  pool  el.  96.0 

650 

(4) 

Top  of  dam  el.  100.5 

850 

(5) 

Test  flood  pool  el.  101.2 

880 

Storage  (acre-feet)  (Ponds  #1  and  #2  combined) 

(1) 

Normal  pool 

28.6 

(2) 

Flood  control  pool 

N/A 

(3) 

Spillway  crest  pool  (ungated) 

28.6 
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Maximum  Known  Flood.  There  are  no  available  records,  but 
according  to  a  witness,  the  worst  flood  was  in  1927.  Reportedly 
the  water  level  rose  to  within  one  foot  of  the  top  of  dam  at 
the  lowest  spot  on  the  left  abutment  during  the  1927  flood. 

Also  during  the  1973  flood  the  road  embankment  (State  Aid 
Highway  9)  at  Pond  #2  was  almost  overtopped,  due  to  the 
limited  discharge  capacity  of  the  48-inch  culvert,  which 
replaced  an  arch  bridge  in  1968. 

Spillway  Capacity  at  Top  of  Dam 

(a)  Pond  #1  -  The  principle  spillway  is  a  10-foot  wide 
rectangular  chute.  It  is  106  feet  long  and  has  a  90°  bend 
near  the  bottom  of  the  chute.  The  end  of  the  chute  drops  11 
feet  vertically  to  the  streambed.  The  capacity  of  the 

spillway  at  the  top  of  the  dam  elevation  of  100.5  is  approximately 
305  cfs.  This  represents  the  total  discharge  at  the  top  of 
the  dam. 

A  separate  analysis  was  performed  on  the  spillway  chute.  It 
was  found  that  the  chute  will  carry  305  cfs  without  overtopping 
the  training  walls  as  long  as  the  chute  is  kept  clear  of 
debris.  If  the  training  walls  are  overtopped  dangerous 
erosion  may  occur  on  the  downstream  slope  of  the  dam.  The 
water  will  flow  over  the  wall  at  the  90°  turn  in  the  chute 
during  normal  high  flows.  This  does  not  appear  to  create  a 
hazard  since  the  bend  is  below  the  toe  of  the  dam. 

(b)  Pond  #2  -  There  is  no  spillway  for  pond  #2,  but  State 
Aid  Highway  9  acts  as  a  broad  crested  weir  when  the  water 
surface  elevation  rises  above  the  road  elevation. 

Spillway  Capacity  at  Test  Flood  Elevation 

(a)  Pond  #1  -  The  full  PMF  test  flood  for  the  0.25  square 
miles  is  726  cfs  inflow.  There  is  no  reduction  of  the  peak 
outflow  due  to  the  small  amount  of  surcharge  storage. 

Therefore,  the  peak  outflow  is  also  726  cfs  at  an  elevation 
of  101.2  feet;  this  represents  an  overtopping  of  the  dam  by 
0.7  feet.  The  spillway  will  contribute  379  cfs  (52%)  of  the 
total  project  discharge  of  726  cfs. 

(b)  Pond  #2  -  The  full  PMF  test  flood  for  the  0.23  square 
miles  is  692  cfs  inflow.  There  is  no  reduction  of  the  peak 
outflow  due  to  the  small  amount  of  surcharge  storage. 

Therefore,  the  peak  outflow  is  also  692  at  an  elevation  of 
105.0  feet;  this  represents  an  overtopping  of  the  road  by 
2.7  feet.  Due  to  the  topography  of  the  site  it  is  possible, 
for  a  portion  of  the  discharge  that  flows  over  the  road  to 
bypass  Pond  #1.  It  will  be  assumed  for  purposes  of  this 
report  that  all  of  the  outflows  of  pond  #2  discharge  directly 
into  pond  #1. 
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State  Aid  Highway  9  which  divided  the  impounded  water.  In  the  same  year, 
1911,  the  dam  was  breached.  Water  reportedly  reached  the  second  floor  of  a 
house  downstream  of  the  dam.  There  was  no  loss  of  life  or  injury  due  to  the 
breach.  The  dam  was  reconstructed  some  time  after  the  dam  failed.  At  one 
time  the  dam  was  used  for  water  supply.  The  4-inch  pipe  at  the  toe  of  the 
dam  may  be  remnant  of  the  distribution  system.  The  valve  box  controls  a 
drain  for  the  dam,  but  may  have  also  controlled  the  water  supply  system. 

The  bridge  on  State  Aid  Highway  9  was  replaced  in  1968  by  a  48-inch  culvert. 

Ownership  of  the  dam  was  transferred  from  Mr.  Vail  to  the  Lyndon  Insti¬ 
tute  and  then  to  Mr.  Mathewson. 

i.  Normal  Operating  Procedure.  The  valve  box  as  previously  noted  is 
connected  to  a  drain  for  the  pond.  It  has  not  been  used  for  a  number  of 
years  and  may  be  inoperable.  The  spillway  maintains  normal  pool  level  and 
does  not  have  flashboards  or  stop  logs  to  control  the  water  level.  There  is 
no  operation  procedure  at  the  present  time. 


1.3  Pertinent  Data 


a.  Drainage  Area.  The  drainage  basin  of  Institute  Pond  Dam  has  an 
area  of  0.25  square  miles.  The  terrain  varies  in  elevation  from  750  to  1140 
feet  and  the  land  use  is  approximately  one-half  woodlands  and  one-half  open 
land.  Lyndon  Institute  is  located  on  the  eastern  shore  of  the  pond.  Also 
Lyndon  State  College  is  located  in  the  headwater  of  the  watershed. 

The  reservoir  area  at  the  top  of  the  dam  is  3  acres  and  represents 
approximately  2%  of  the  total  drainage  area.  The  predominate  soils  in  the 
watershed  are  Woodstock  -  Col  rain  and  Col  rain  -  Woodstock  Associations. 

b.  Discharge  at  the  Dam  Site. 

1.  Outlet  Works 


(a)  Pond  #1  -  The  spillway  which  controls  the  normal  pool 
elevation  is  an  ungated,  concrete  chute  spillway.  The  weir 
is  4.5  feet  below  the  top  of  the  dam.  The  discharge  at  the 
top  of  the  dam  is  305  cfs. 

There  is  also  a  valve  box  on  the  downstream  toe  of  the  dam. 
It  reportedly  regulates  the  drain  pipe  of  the  dam.  The  size 
of  this  pipe  is  unknown. 

(b)  Pond  #2  -  Pond  #2's  outflow  discharges  into  Pond  #1 
through  a  48-inch  corrugated  metal  culvert.  The  invert 
elevation  on  the  upstream  end  of  the  culvert  is  95.4*  or  0.6 
feet  below  the  spillway  crest  of  the  dam  downstream.  The 
discharge  of  the  culvert  at  the  top  of  road  elevation  is  108 
cfs. 

♦NOTE:  Elevations  of  the  dam  and  appurtenant  structures  are  based  on  an 
assumed  datum  with  an  elevation  of  100  feet  at  the  top  of  the  left  training 
wall  of  the  spillway. 
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and  the  size  of  the  pipe  or  pipes  it  controls  is  unknown.  There  is  also  a 

4-inch  cast  iron  pipe  discharging  freely  into  the  stream  below  the  dam 

(Photo  20).  The  source  of  this  water  is  not  known.  _ 

c.  Size  Classification.  Institute  Pond  Dam  is  26  feet  high  and  has  a 
storage  capacity  of  44.6  acre-feet.  In  accorcaiice  with  Article  2.1.1.  of 
the  Recommended  Guidelines  for  Safety  Inspection  of  Dams,  the  dam  is  Small 

in  size  based  upon  its  height,  which  is  greater  than  25  feet  and  less  than  ^ 

40  feet. 

d.  Hazard  Classification.  The  dam  has  a  hazard  classification  of 
High.  Development  downstream  of  Institute  Pond  Dam  which  would  be  affected 
is  concentrated  near  State  Route  122  where  the  tributary  passes  under  the 
road.  This  development  includes  3  to  4  dwellings,  a  plumbing  and  heating 
supply  store,  elementary  school  and  a  playground  located  close  enough  to  the 
stream  to  receive  damage.  There  is  also  an  ice  hockey  arena  located  immediately 
downstream  of  the  dam  (Photos  8,  21). 

The  flood  wave  generated  by  a  breach  of  the  Institute  Pond  Dam  would  be 
approximately  11  feet  high  in  the  vicinity  of  the  ice  hockey  arena.  Some 
damage  may  occur  to  the  ice  hockey  arena,  depending  on  breach  location. 

* 

The  wave  would  be  approximately  14.4  feet  high  when  it  reaches  the 
State  Route  122  culvert  or  3.9  feet  above  the  road.  The  resultant  flood 
wave  would  cause  appreciable  damage  to  State  Route  122  and  3  to  4  structures 
in  the  area  adjacent  to  the  culvert  with  flood  levels  up  to  4  feet  above  the 
first  floor  of  these  dwellings.  It  is  probable  that  other  housing  units  ^ 

located  in  the  fringe  areas  of  the  valley  would  suffer  lesser  damage  from  ~ 

the  resultant  flood.  The  playground  by  the  elementary  school  which  is 
fequently  used  by  children  would  be  completely  inundated.  Downstream  of 
State  Route  122  is  uninhabited  therefore  no  damage  will  occur  in  that  area. 

The  energy  of  the  flood  wave  would  be  greatly  dissipated  when  it  reaches  the 

Passumpsic  River  0.4  miles  downstream  of  the  dam.  It  is  possible  that  more 

than  a  few  lives  may  be  lost  if  the  dam  is  breached.  ^ 

e.  Ownership.  The  dam  is  owned  by  Philip  Mathewson,  Lyndon  Center, 

Vermont  05850;  telephone  (802)  626-5193.  During  the  winter  months  his 
address  is  Casa  del  Ray  Mobile  Court,  5249  Fifth  Street  Circle  West,  Bradenton, 

Florida  33507. 

f.  Operator.  According  to  the  deed  for  the  dam,  operation  and  main- 
tenance  is  the  responsibility  of  both  Mr.  Mathewson  and  Lyndon  Institute. 

g.  Purpose.  The  dam  is  used  only  for  aesthetic  purposes.  At  one  time 
it  was  reportedly  used  for  water  supply. 

h.  Design  and  Construction  History.  Based  on  construction  photographs 
and  information  given  by  Mr.  Mathewson,  the  dam  was  built  by  Mr.  Vail  in  the 

year  1911.  Photographs  taken  during  the  construction  of  the  dam  seem  to  ■-*" 

indicate  a  partial  concrete  core  wall.  There  was  originally  a  bridge  on 
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NATIONAL  DAM  INSPECTION  PROGRAM 
PHASE  I  INSPECTION  REPORT 
LYNDON  INSTITUTE  POND  DAM 


SECTION  1 

PROJECT  INFORMATION 


1.1  General 


a.  Authority.  Public  Law  92-367,  August  8,  -1972,  authorized  the 
Secretary  of  the  Army,  through  the  Corps  of  Engineers,  to  initiate  a  National 
Program  of  Dam  Inspection  throughout  the  United  States.  The  New  England 
Division  of  the  Corps  of  Engineers  has  been  assigned  the  responsibility  of 
supervising  the  inspection  of  dams  within  the  New  England  Region.  DuBois  & 
King,  Inc.,  has  been  retained  by  the  New  England  Division  to  inspect  and 
report  on  selected  dams  in  the  State  of  Vermont.  Authorization  and  notice 
to  proceed  were  issued  to  DuBois  &  King,  Inc.,  under  a  letter  of  September 
11,  1980,  from  Max  B.  Scheider,  Colonel,  Corps  of  Engineers.  Contract  No. 
DACQ33-80-C-0003  has  been  assigned  by  the  Corps  of  Engineers  for  this  work. 

b.  Purpose  of  Inspection 

(1)  to  perform  technical  inspection  and  evaluation  of  non-Federal  dams 
to  identify  conditions  which  threaten  the  public  safety  and  thus  permit 
correction  in  a  timely  manner  by  non-federal  interests. 

(2)  To  encourage  and  prepare  the  states  to  quickly  initiate  effective 
dam  safety  programs  for  non-federal  dams. 

(3)  To  update,  verify  and  complete  the  National  Inventory  of  Dams. 


1.2  Description  of  Project 

a.  Location.  Institute  Pond  Dam  is  located  in  the  Town  of  Lyndon, 
Caledonia  County,  Vermont.  The  dam  is  located  on  a  tributary  of  the  Passumpsic 
River,  approximately  0.4  miles  upstream  of  the  confluence.  The  dam  is  shown 

on  the  15  minute  U.S.G.S.  quadrangle  for  Lyndonville,  Vermont,  with  coordinates 
approximately  72°  1.1’  west  longitude,  44°  32.2'  north  latitude.  The 
location  of  Institute  Pond  Dam  is  shown  on  the  Location  Map  immediately 
preceeding  this  page. 

b.  Description  of  Dam  and  Appurtenances.  Institute  Pond  Dam  is  an 
earth  embankment  approximately  250  feet  long  and  26  feet  high.  The  impounded 
water  is  separated  by  State  Aid  Highway  9  into  two  connected  ponds.  Pond  #1 
is  downstream  of  Pond  #2.  The  principal  spillway  which  controls  the  normal 
water  level  is  a  concrete  chute  spillway.  There  is  a  concrete  valve  box 
located  near  the  downstream  toe  of  the  dam.  It  has  not  been  used  recently 
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Inspection  of  Dams,"  the  test  flood  is  the  full  Probable  Maximum  Flood 
(PMF).  The  HEC-1  computer  program  (Hydrologic  Engineering  Center-Flood 
Hydrograph  Package)  was  utilized  to  calculate  the  PMF  discharge  and  route  the 
PMF  inflow  hydrograph  through  the  structure.  The  PMF  test  flood  for  Pond  #2 
(drainage  area  =  0.23  square  miles)  is  692  cfs.  Due  to  the  small  amount  of 
surcharge  storage  in  Pond  #2  no  reduction  to  the  inflow  hydrograph  occurred 
during  the  routing  process  through  the  48  inch  culvert.  The  test  inflow  was 
routed  through  Pond  #2  assuming  the  water  surface  to  be  initially  at  elevation 
96.0  feet  (normal  pool).  During  the  test  flood,  the  road  embankment  (State 
Aid  Highway  #9)  will  be  overtopped  by  2.7  feet  (elevation  105.0).  Due  to  the 
topography  of  the  site  it  is  possible,  for  a  portion  of  the  discharge  that 
overtops  the  road  to  bypass  Pond  #1.  It  will  be  assumed  for  the  purposes  of 
this  report  that  all  of  the  outflow  of  Pond  #2  discharges  directly  into  Pond 
#1.  The  48-inch  culvert  can  pass  108  cfs  at  the  top  of  the  road  embankment 
(State  Aid  Highway  #9)  (elevation  102.3)  or  16  percent  of  the  routed  test 
flood  outflow.  The  h  PMF  flood  of  346  cfs  would  have  an  outflow  of  346  cfs, 
which  overtops  the  road  embankment  (State  Aid  Highway  #9)  by  2.0  feet  (elevation 
104.3).  The  PMF  test  flood  for  Pond  #1  was  calculated  by  combining  the 
inflow  hydrograph  at  Pond  #1  and  the  outflow  hydrograph  from  Pond  #2.  The 
PMF  test  flood  for  Pond  #1  is  726  cfs.  Due  to  the  small  amount  of  surcharge 
storage  in  Pond  #1  no  reduction  to  the  inflow  hydrograph  occurred  during  the 
routing  process  through  the  10-foot  concrete  chute  spillway.  The  test  inflow 
was  routed  through  Pond  #1  assuming  the  water  surface  to  be  initially  at 
elevation  96.0  feet  (normal  pool).  During  the  test  flood,  the  earth  dam  will 
be  overtopped  by  0.7  feet  (elevation  101.12).  The  10-foot  concrete  chute 
spillway  can  pass  305  cfs  at  the  top  of  dam  (elevation  100.5)  or  42  percent 
of  the  routed  test  flood  outflow.  The  H  PMF  flood  for  Pond  #1  of  363  cfs 
would  have  an  outflow  of  363  cfs,  which  overtops  the  dam  by  0.1  feet  (elevation 
100.6). 


5.5  Dam  Failure  Analysis 

Utilizing  the  Corps'  April,  1978,  "Rule  of  Thumb  Guidance  for  Estimating 
Downstream  Dam  Failure  Hydrographs,"  a  dam  failure  analysis  was  performed  for 
Institute  Pond  Dam.  Prior  to  failure,  it  was  assumed,  the  water  level  was  at 
the  crest  of  the  dam  (100.5  feet),  the  chute  spillway  was  discharging  305  cfs 
and  the  storage  volume  behind  the  dam  was  equal  to  the  combined  storage  of 
the  two  ponds  at  elevation  100.5  (41.3  acre-feet).  A  breach  width  of  100 
feet  (40%  of  length  of  the  dam)  and  breach  height  of  26  feet  were  used  in  the 
Saint-Venant  equation  to  compute  an  instantaneous  discharge  of  22,290  cfs. 

The  total  discharge  would  be  the  instantaneous  discharge  plus  the  chute 
spillway  discharge  just  prior  to  break  or  22,595  cfs.  The  breach  outflow 
would  produce  a  11.3  foot  flood  wave  immediately  downstream  of  the  dam  in  the 
vicinity  of  the  ice  hockey  rink.  The  hockey  rink  is  approximately  15  feet 
above  the  streambed.  The  water  stage  above  the  streambed  prior  to  the  dam 
failure  just  downstream  of  the  dam  would  be  1.1  feet.  Approximately  1,450 
feet  downstream  of  the  dam  the  outlet  channel  passes  under  State  Route  122, 
through  a  concrete  culvert.  This  constriction  in  the  outlet  channel  increases 
the  height  of  this  flood  wave  to  14.4  feet  which  overtops  the  road  by  3.9 


feet.  This  is  expected  to  flood  approximately  5  to  6  dwellings,  located  in 
the  proximity  of  the  State  Route  122  (See  Possible  Flood  Damage  Area  Map  in 
Appendix  D) ,  producing  water  levels  about  four  feet  above  first  floor  level 
and  inundate  an  elementary  school  playground  frequently  occupied  by  children. 

The  stage  prior  to  the  dam  failure  at  the  State  Route  122  concrete  culvert 
would  be  7.4  feet.  The  hockey  rink  may  also  be  subject  to  severe  flood 
damage  if  the  dam  break  were  to  occur  on  the  left  abutment  end  of  the  embankment 
which  is  located  immediately  above  the  rink. 

No  development  exists  approximately  100  feet  downstream  of  State  Route 
122;  therefore,  no  structural  damage  will  occur  below  this  area.  See  appendix 
D,  for  the  Possible  Flood  Damage  Area  Map. 

The  lives  of  more  than  a  few  persons  would  be  endangered  in  the  vicinity 
of  State  Route  122,  therefore,  the  dam  is  classified  as  High  hazard. 


SECTION  6 

EVALUATIONS  OF  STRUCTURAL  STABILITY 


6.1  Visual  Observations 


Based  on  visual  observations  there  are  several  features  of  this  dam  that 
present  potential  structural  problems. 

Seepage  appears  to  be  the  major  potential  structural  problem.  As  mentioned 
in  Section  3.1  there  was  an  active  discharging  seepage  area  at  the  time  of 
inspection,  at  the  toe  of  the  dam.  There  was  also  a  wet  zone  in  the  contact 
area  between  the  downstream  face  and  the  left  abutment,  indicating  a  seepage 
condition. 

Another  potential  structural  problem  which  can  lead  to  additional 
seepage  problems  is  the  flora  growth  on  the  dam.  As  can  be  seen  from  the 
aerial  photograph  and  the  individual  photographs  (Photos  4,  5,  6,  7  &  17)  the 
plant  and  tree  growth  does  appear  to  be  a  potential  problem.  Seepage  and 
erosion  problems  can  develop  along  the  root  systems  of  trees  and  structural 
disturbances  may  occur  due  to  trees  being  blown  over. 

The  concrete  erosion  and  deterioration  of  the  chute  spillway  appears  to 
be  a  potential  structural  problem.  Concrete  deterioration  can  lead  to 
piping  problems  through  this  dam  and  also  to  structural  collapse  of  sections 
of  the  chute  spillway,  which  in  turn  could  cause  a  dam  failure. 

Other  areas  of  possible  potential  structural  problems  are: 

1)  The  lack  of  erosion  protection  on  the  upstream  slope; 

2)  The  possibility  of  subsidence  or  erosion  along  the  concrete- 

gate  box  structure  on  the  downstream  slope; 

3)  The  possibility  a  pressure  conduit  condition  may  exist  through 

the  dam;  and 

4)  Rodent  burrows  on  the  downstream  slope  of  the  dam. 

The  presence  of  trees,  brush,  and  coarse  vegetation  on  the  embankment 
and  a  pile  of  cut  brush  and  trees  on  the  right  end  of  the  downstream  slope 
make  it  impossible  to  inspect  the  embankment  adequately. 


6.2  Design  and  Construction  Data 

There  is  no  design  or  construction  data  available  except  for  construc¬ 
tion  photographs.  (Construction  photographs  are  the  property  of  the  owner, 
Philip  Mathewson) 
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6.3  Post-Construction  Changes 

There  are  no  post-construction  changes  to  the  dam  recorded.  However, 
the  bridge  on  State  Aid  Highway  9  was  replaced  by  a  48  inch  culvert  in 
1968. 


6.4  Seismic  Stability 

This  dam  is  located  in  Seismic  Zone  2  and,  in  accordance  with  the 
Phase  I  guidelines,  does  not  warrant  seismic  analysis. 


\ 
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SECTION  7 

ASSESSMENT,  RECOMMENDATIONS,  AND  REMEDIAL  MEASURES 


7.1  Dam  Assessment 

a.  Condition.  The  visual  examination  indicates  that  Institute  Pond  Dam 
is  in  poor  condition.  The  major  concerns  with  respect  to  the  integrity 
of  the  dam  are: 

(1)  Major  seepage  at  the  downstream  toe  of  the  dam,  which  could 

lead  to  a  piping  failure  of  the  dam  or  to  instability  of  the 

downstream  slope  and  the  area  immediately  downstream  of  the 
toe  of  the  dam. 

(2)  Trees  and  brush  growing  on  the  embankment  could  lead  to 

seepage  and  erosion  problems  if  a  tree  falls  over  and  pulls 

out  its  roots  or  if  a  tree  dies  or  is  cut  and  its  roots  rot. 

(3)  A  wet  zone  along  the  contact  between  the  downstream  face  and 
the  left  abutment  indicates  a  seepage  condition  that  might 
result  in  instability  of  the  dam. 

(4)  Subsidence  or  erosion  of  the  downstream-slope  fill  along  two 
edges  of  the  concrete-val ve  box  on  the  downstream  slope  may 
be  indicative  of  a  condition  that  could  adversely  effect  the 
stability  of  the  slope. 

(5)  Lack  of  erosion  protection  on  the  upstream  slope  could  result 
in  severe  erosion  and  breaching  of  the  dam. 

(6)  A  large  tree  growing  adjacent  to  the  chute  spillway  could 
break  the  spillway  if  it  falls  over  and  pulls  out  its  roots. 

(7)  Erosion  of  the  fill  against  a  training  wall  at  the  downstream 
end  of  the  chute  spillway  could  result  in  failure  of  the  wall 
and  the  spillway. 

(8)  Concrete  deterioration  could  result  in  holes  through  the 
spillway  bottom  or  collapse  of  sections  of  spillway  wall. 

(9)  The  drainage  system  has  not  been  operated  in  many  years  and 
may  be  inoperable.  The  conduit  size  is  also  unknown.  This 
system  may  be  under  pressure,  due  to  the  impounded  water, 
which  could  result  in  a  piping  failure  of  the  structure. 

(10)  Rodent  burrows  on  the  downstream  slope  of  the  dam  could  lead 
to  piping  failure  of  the  dam. 


b.  Adequacy  of  Information.  The  information  available  is  such  that 
the  assessment  of  this  dam  must  be  based  primarily  on  the  results  of 
the  visual  inspection.  The  presence  of  trees,  brush,  and  other 
coarse  vegetation  on  the  dam  embankment  and  a  pile  of  cut  brush  and 
trees  on  the  right  end  of  the  downstream  slope  make  it  impossible  to 
inspect  the  embankment  adequately. 

c.  Urgency.  The  owner  should  implement  the  recommendations  in  7.2 
and  7.3  within  one  year  after  receipt  of  this  Phase  I  report. 


7.2  Recommendations 

The  following  investigations  and  needed  corrections  should  be  performed 
under  the  direction  of  a  registered  engineer  qualified  in  the  design  and 
construction  of  dams. 

(1)  Specify  and  oversee  procedures  for  the  removal  of  trees  and 
their  root  systems  from  the  embankment,  a  zone  25  feet  wide 
at  the  downstream  toe  of  the  dam,  and  on  each  side  of  the 
concrete-chute  spillway. 

(2)  Investigate  the  seepage  near  the  downstream  toe  of  the  dam 
and  the  soft  wet  area  along  the  contact  between  the  down¬ 
stream  slope  and  left  abutment,  and  design  remedial  measures. 

(3)  Investigate  the  cause  of  the  subsidence  or  erosion  of  the 
downstream  slope  adjacent  to  the  concrete-valve  box  structure 
and  design  remedial  measures.  Also  investigate  the  concrete 
valve  box  structure  for  a  possible  pressure  conduit  condition 
that  may  exist  through  the  dam.  If  a  pressure  conduit 
condition  exists  upstream  control  should  be  provided. 

(4)  Design  erosion  protection  for  the  upstream  face  of  the  dam. 

(5)  Investigate  the  concrete  in  the  spillway  and  downstream 
retaining  wall.  Design  repairs  and/or  replacement  of 
concrete  sections  as  necessary. 

(6)  Perform  a  detailed  hydrologic  -  hydraulic  investigation  to 
assess  further  the  potential  of  overtopping  the  dam  and  the 
need  for  and  the  means  to  increase  project  discharge  capacity. 


7.3  Remedial  Measures 

a.  Operating  and  Maintenance  Procedures.  The  owner  should  implement 
a  systematic  maintenance  program  consisting  of  the  following  items: 
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(1)  Cut  and  remove  brush  on  the  dam  embankment. 

(2)  Visually  inspect  the  dam  and  appurtenant  structures  once  a 
month. 

(3)  A  technical  inspection  program  should  be  initiated  and  continued 
on  a  yearly  basis. 

(4)  Establish  a  surveillance  program  for  use  during  and  immediately 
after  heavy  rainfall  and  also  a  downstream  warning  program  to 
follow  in  case  of  emergency. 

(5)  Establish  a  procedure  for  rodent  control. 


7.4  Alternatives 

Removing  Institute  Pond  Dam  and  draining  the  upper  pond  (Pond  #2)  by 
lowering  the  culvert,  may  be  considered  as  an  alternative  to  the  recommendations 
of  Section  7.2  and  7.3. 


APPENDIX  A 


VISUAL  CHECKLIST  WITH  COMMENTS 


PROJECT  FEATURE  INSPECTED  BY  REMARKS 

Earth  Dam _ R.  Jlirschfe.ld _ 

Concrete  &  Appurtenances _ S.-flaight _ 

Hydro! ogy/Hydraul  ics _ R.  Wernecke  &  C.  Kissel _ 


NOTE:  All  elevations  used  in  this  report  are  assumed  based  on  an  elevation 
of  100  feet  at  the  top  of  the  left  training  wall  on  the  top  of  the 


INSPECTION  CHECKLIST 


PROJECT 


Institute  Pond  Dam,  VT 


PROJECT  FEATURE_ 
DISCIPLINE 


Sept.  30,  1980 
Robert  Wernecke 
Stephan  Knight 
Ronald  Hirschfeld 


AREA  EVALUATED 


CONDITIONS 


DAM  EMBANKMENT 


Crest  Elevation 


100.5 


Current  Pool  Elevation 


Maximum  Impoundment  to  Date 
Surface  Cracks 


Unknown 


None  observed 


Pavement  Condition 


Movement  or  Settlement  of  Crest 


Lateral  Movement 

Vertical  Alignment 

Horizontal  Alignment 

Condition  at  Abutment  and  at  Concrete 
Structures 


Not  paved 

Crest  elevation  is  slightly 
irregular 

None  observed 

Slightly  irregular 

Slightly  irregular 


Indications  of  Movement  of  Structural 
Items  on  Slopes 

Trespas-ing  on  Slopes 

Sloughing  or  Erosion  of  Slopes  or 
Abutments 


Rock  Slope  Protection  -  Riprap  Failures 


Minimal 


Small  terrace  3-4-ft-wide  and  %-f t 
above  pond  level  on  upstream  slope,  -  • 
apparently  due  to  wave  erosion.  Novf- 
covered  with  vegetation.  Apparent 
erosion  of  embankment  on  right  side  ; 
of  gate  structure  on  downstream  C* 
slope 

No  riprap  H 


INSPECTION  CHECKLIST 


PROJECT  Institute  Pond  Dam.  VT 

DATE 

Sept.  TO.  1QR0 

PROJECT  FEATURE 

NAME 

Robert  Wernecke 

DISCIPLINE 

NAME 

Stephan  Knight 

NAME _ 

Ronald  HirsrhfelH _ 

AREA  EVALUATED 


CONDITIONS 


DAM  EMBANKMENT-conti ruied 


Unusual  Movement  or  Cracking  at  or 
Near  Toe 

Unusual  Embankment  or  Downstream 
Seepage 

Piping  or  Boils 
Foundation  Draniage  Features 
Toe  Drains 

Instrumentation  System 
Vegetation 


None  observed 


Major  seepage  at  downstream  toe  of 
right  half  of  dam.  Left  contact  of 
downstream  slope  and  abutment  is  soft 
and  shows  some  signs  of  erosion  but  no 
active  seepage. 

None  observed 

None  observed 

None  observed 

None 

Trees,  up  to  12-inch  -  dia.  and  some 
grass  vegetation  on  upstream  slope, 
and  downstream  slope.  One  12-in. dia. 
stump  crest. 


INSPECTION  CHECKLIST 


PROJECT  Institute  Pond  Dam,  VT 

PROJECT  FEATURE _ 

DISCIPLINE 


DATE  Sept.  30,  1980 
NAME  Robert  Wernecke 
NAME  Stephan  Knight 
NAME  Ronald  Hirschfeld 


AREA  EVALUATED 

DIKE  EMBANKMENT 

Crest  Elevation 
Current  Pool  Elevation 

Maximum  Impoundment  to  Date 

Surface  Cracks 

Pavement  Condition 

Movement  or  Settlement  of  Crest 

Lateral  Movement 

Vertical  Alignment 

I 

Condition  at  Abutment  and  at  Concrete 
Structures 

j 

Indications  of  Movement  of  Structural  1 
Items  on  Slopes 

Trespassing  on  Slopes 

Sloughing  or  Erosion  of  Slopes  or 
Abutments 

Rock  Slope  Protection  -  Riprap  Failures; 

Unusual  Movement  or  Cracking  at  or 
Near  Toes 

I 

Unusual  Embankment  or  Downstream 
Seepage 

Piping  or  Boils 


A-4 


CONDITIONS 
No  Dike 


INSPECTION  CHECKLIST 


PROJECT  Institute  Pond  Dam,  VT 
PROJECT  FEATURE 


DISCIPLINE 


AREA  EVALUATED 


OUTLET  WORKS  -  INTAKE  CHANNEL  AND 


Approach  Channel 
Slope  Conditions 
Bottom  Conditions 
Rock  Slides  or  Falls 
Log  Boom 


Debris 


Condition  of  Concrete  Lining 
Drains  or  Weep  Holes 
Intake  Structure 


Condition  of  Concrete 


Stop  Logs  and  Slots 


Sept.  30,  1980 
Robert  Wernecke 
Stephan  Knight 
Ronald  Hirschfeld 


CONDITIONS 


Intake  not  visible  beneath  pond 
surface. 
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INSPECTION  CHECKLIST 


PROJECT 

Institute  Pond  Dam,  VT 

DATE 

Sept.  30,  1980 

PROJECT 

FEATURE 

NAME _ 

Robert  Wernecke 

DISCIPLINE _  NAME  Stephan  Knight 


NAME  Ronald  Hirschfeld 


AREA  EVALUATED 

CONDITIONS 

OUTLET  WORKS  -  CONTROL  TOWER 

No  Tower  -  See  Outlet  Structure 

a.  Concrete  and  Structural 

General  Condition 
Condition  of  Joints 
Spalling 

Visible  Reinforcing 
Rusting  or  Staining  of  Concrete 
Any  Seepage  or  Efflorescence 
Joint  Alignment 

Unusual  Seepage  or  Leaks  in  Gate 
Chamber 

Cracks 

Rusting  or  Corrosion  of  Steel 

b.  Mechanical  and  Electrical 

Air  Vents 
Float  Wells 
Crane  Hoist 
Elevator 

Hydraulic  System 
Service  Gates 
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APPENDIX  B 


ENGINEERING  DATA 


Description 


Location 


1.  Lyndon  Institute  Pond  Design  Records 

2.  Past  Inspection  Records 

A.  Two  inspections  in  the  year  1980 

B.  Others 


3.  Plans 

A.  Original  plans 

B.  General  Plans 


4.  Subsurface  Soils  Information 


None  Available 


Appendix  B,  pages  B2-B21 
Vermont  Department  of 
Water  Resources 
State  Office  Building 
Montpelier,  Vermont  05602 


None  Available 
Figure  B-l,  pg.  B-22 
Figure  B-2,  pg.  B-23 

None  Available 
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APPENDIX  B 
ENGINEERING  DATA 


I 


ft 


INSPECTION  CHECKLIST 


INSPECTION  CHECKLIST 


PROJECT  Institute  Pond  Dam.  VT 

PROJECT  FEATURE _ _ 

DISCIPLINE _ _ 


AREA  EVALUATED 

OUTLET  WORKS  -  SPILLWAY  WEIR,  APPROACH 
~  And"  OTSCTarge  chAnneCs 

a.  Approach  Channel 

General  Condition 
Loose  Rock  Overhanging  Channel 
Trees  Overhanging  Channel 
Floor  of  Approach  Channel 

b.  Weir,  Training  Walls  and 

Concrete  Chute  Spillway 

General  Condition  of  Concrete 

Rust  or  Staining 

Spalling 

Any  Visible  Reinforcing 
Any  Seepage  or  Efflorescence 

Drain  Holes 

Trees  Overhanging  Channel 

c.  Discharge  Channel 

General  Condition 

Loose  Rock  Overhanging  Channel 

Trees  Overhanging  Channel 

Floor  of  Channel 
0 

Other  Obstructions 


DATE  Sept.  30.  1980 

NAM E _ Robert  Wernecke 

NAME _ Stephan  Knight 

NAME _ Ronald  Hirschfeld 

CONDITIONS 


Good 

None 

Trees  overhang  channel 
Appears  to  be  soil 

Fair 

Some  staining 

Eroded  &  spalled  concrete  at 
joints  &  cracks 

None 

Efflorescence  at  dam  &  at  drop 
structure 

None  observed 

Many  trees  overhang  chute 

Poor 

None 

Many  trees  overhang  channel 
Sand  and  gravel 

Many  logs  in  channel,  especially 
below  right-angle  bend  in  channel 
at  drop-structure 
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INSPECTION  CHECKLIST 


PROJECT  Institute  Pond  Dam,  VT 

DATE 

Sept.  30,  1980 

PROJECT  FEATURE 

NAME 

Robert  Wernecke 

DISCIPLINE 

NAME 

Stephan  Kniqht 

NAME 

Ronald  Hirschfeld 

Rust  or  Staining 
Spal 1 ing 

Erosion  or  Cavitation 

Visible  Reinforcing 

Any  Seepage  or  Efflorescence 

Condition  at  Joints 

Drain  holes 

Channel 

Loose  Rock  or  Trees  Overhanging 
Channel 

Condition  of  Discharge  Channel 


5V  x  5V  Box  in  good  condition 
Moderate  staining  &  moss  growth 
None 

Moderate  erosion  of  soil  to  right 
of  concrete  box 

None 

None  visible 

Good 

None 

Trees  overhang  discharge  channel 

Poor;  many  logs  in  channel  and  tre 
overhanging  channel. 


AREA  EVALUATED 


CONDITIONS 


OUTLET  WORKS  -  OUTLET  STRUCTURE  AND 

outlet  chMm: 

General  Condition  of  Concrete 


INSPECTION  CHECKLIST 


PROJECT  Institute  Pond  P*m,  VT 
PROJECT  FEATURE 

a 

DISCIPLINE  _ 


AREA  EVALUATED 

OUTLET  WORKS  -  TRANSITION  AND  CONDUIT 
General  Condition  of  Concrete 
Rust  or  Staining  on  Concrete 
Spalling 

Erosion  or  Cavitation 
Cracking 

Alignment  of  Monoliths 
Alignment  of  Joints 
Numbering  of  Monoliths 


II.  Condition  of  Main  Structure 


VO 


c 


10.  Alignment  -A//  °/  4a* j 


•$*-  . 

.  it\  * 

>  .  »y‘.> 

*>e*  . 

Vi*  III, 


11.  Remarks 


Condition  of  Outlet  Works 


•:.^V 

;  ;4  • 

;  ;  mM 

*  v.  1 


Principal  Spillway 


Type  /BrojJ  Su<^^  s-v/Ai _ <Z^r.f^A>— 

5s*/// t^/U*  <c3*t  C+<4-£Z->) _ 

Controlled  or  Uncontrolled  e^toosifcz  f/etf  —  /?o  ^frv>u'/i/ry. 


Or~ _ f^gf_  /<^_ 

y  <2 S( 


1.  Approach  Channel _[_cJdL6j. 


C 


2.  Transition 


3.  Control  .Section  tfn&w/'  d-cCt/i f  ->-  Cc->^r^>/^  *?cx>f 


Discharge  Channel  Ccfaftf )  ,J?>£  c<j*(/j  l*+Zrji'Ce/.  MdJbiiniA*-. 

^  cO»<V<jv&  -3j  ^  d/j/v  £c*t/lty/  -i'C.cJrd'’  •+-  fteJ&rtbr&Ao**  *f  Zf'-r'rC’taA’ 

— _Aj U(J-£ ^Cr_^.  ou 4  -td/s — . 

JifU  ctMU/j  4<(cxj6  over^tt/  <t*J  4/;  fa /'my  /<U£ d-deneH&j  e+J  0*4&*<H 

5.  Intake  Structure  jbmt -***'.  Jjl*  v7/>, _ 


V  fe 
,ing 


*  '  1  V 

.7?ft , 

VC* 

p 

c 

$*v 


6.  Conduit  /2.lfd  C/P  f/i,t/.  &z!A.  -fa  /)f4d  farm-*  o+JJ ) 

I'd!  W<  -^Qr~  Jpf .  /4-ftJ't  +?«>V  dv&  st^d  ^'J>  /o 

/Y*U*  fat  yctt-’JLuty — 7/?wd  d’r'<tC', - 

7.  Outlet  Structure  /C/<y.  _ 


8.  Trash  Racks  /to/t* 


Anti-vortex  Devices _ a/s*- 


9. 


10.  Stop  Logs,  Flash  Boards  s)c^fi- 


?/<S—  j&T- 


B. 


11. 


Remarks  //, 'r' oue^L.// 

d-d U^rh snJdY  J'jzsAa-.c  -  j>  d/<>ej*r  _ /V^J - 

C£.  sA _ _ C/zt^.y _ jfe^r _ SJ&P- - ^Le.-m - 


Emergency  Spillway 
Type  /fo/tc. _ 


Controlled  or  Uncontrolled 
1.  Approach  Channel _ 


2.  Transition 


3.  '  Control  Section 


4.  Discharge  Channel 


5.  Remarks 


C.  Drawdown  Facilities,  Gates,  Drains,  Appurtenances,  Etc. 

a*,C>. 

1.  Drawdown  Facility  /J  £7  <T  X  /n' clear  eovOgA.  vdvj? 

Cji2A  ~7~  ht-JU  Jdi-  I'zthl?  /oYt-Uj  fa  J/{ _ J/cy/  • 

Condition  ^  y*  /*'/*-*  Q  ) — ^  /d^oujjx^ - 

/-2/1  &  Of  +toJc<j  />_  Jips'tluty  0<d/d  '7%<.  OtcJtas' 

dtzf  /Jqfi  rf/la-j  i<-hd' S/j-e  f'/'?  d  <^0  '  fife  A*J  /?vu-er~  jj 

zy?e+,cd  l/dvt  A**  jfe/ld  -jfi  6*5*  Uid  uwfey\ 

«'4» 


B- 1  4 


^VI.  General  Comments 


✓4?  /fcr/VlrCoyJr.  /^zf 

&  ?***■ 
.Attachments: 


/^o  /ns 

a* 

/%o /o  /t&pf  r^ciXft  l/c/r^ 

M^r?o  re- :  ;n  ^esJtcr,  a*uQ  <£a*ive*'j- </?&-,  U/tM,  Mn,  /^//etv-for 


•■*»-.' 

4  >1  •  u  •.  ■ 

■•  .  %  :• 
i  'f’T  *• 


*  .% 

e 

.  ^  •■  • 

V-nr. 

■$ 

rv<v  DWR  V79 


I 


B-16 


7-22-30 


773 <. 

r”-7.’ 

’uJ-i -77i±  7<3*i7e,  /Ti**/  7^4  #-r 


-  A 


~y/nAo 


3/i  1-27-00  -/7e.  Ajrrfer-  fo\ZesJL/y4t3e>3  xAetoitsA'-^fJt*  cJf4/rj{  / 

~o*iAtl7<3 if  AtJe^j  77f<i  -£vrs7-r7<t7t?  37^/7  7-^t+f.  /tfe.  7/<_  7  sAec#  ** 

|  ' 

Tf/1,  yoj)A  CSOJS&  <V7  <5‘--s' *G '  e#«c-r4.7<  <U.i/oe7t  . 

&Uh*j7  /Sdo'  ^-e/oej  et/f*i ,  <^W-  /f/s.  S 7/y  .  ■fr/tt'/t  'Axs-*e-  0*t  5^0  u/i 

f/*k  o/j  yffe  Ct/foes7  A*J  p7r  -^tsj  7  y7/<^i>e  &*  (y  23  '  /tAot/t?  3^>y7 

Crf(  /^oc/27  £j  -/Yc^f/cA  s/1  <.'<Vy  A  sp^ft/,  (3“7?/j  AcxsJM. 

(0 &Jer  Uy  A  JA  373*  77x>r-  u/jp/r  tfe  sAlM,  -Abe/ej/  /rj  79// .  sfo  coxo-e*-  j 

*A Lie.  cTriy/  /j?  y?cur/f  /rc£/*re  ^suA/erT-  /A  Li t(/0.  /*. e/eejx? 

xAuny  i\_  /*c*<J  t  jA/oeA  xTey&s  s7h>u/J  Ae  Ail/ci  /&J).  7*t/<>  qAAot 

Atn/4 *<//yr  AreJic/f'ti'c’jJ  A<-  Jtt(/-ei7&/  A  JXxr-*  iA&'*i«ye:<  7 Aflc  S’^7f70A 

S^yy**A  7^e,  7^1^ /A/^u’j’ayf  s'  </s<±A 

..  fll&Jf/tLtLj  <»7  *  - 

0)  77/Scutj-eJ  jT-ey/ dye  *i7  tA-9  of  <£**-**  /3<Ct>*#  ^/P//ij7~ 

<2/yy/,?y  tz7tr*s,rt?/  A  <-&'*/*  s’f-yey^e  <?x  7%u  A*y/f*-  WfjAx-S 

A<-fi'Cc7*?  A* ( lyA  tTf' ei  /j  lA  *<-u/  '<  A/CA  cA 

y  /  G»  7<t7rev  A^r  yA//A'//y.  sTf/v/  A^uS/7  sAeJ/f'/eS 

cAset/i/ty?  /yA/As  Syj/es.-,  eecj  7>e-Cj7&7. 

(3)  /rfy  yr/e,,*y  s~-c *> C(>/'//S  *017*/  7 a*?  s <,/*/■€’  Arm 7  a*iJ  d'eA, 

<7S  **7  /'■GOACLye  />^A7eirr . 


<yj  jt,T 

Af/y  AlfA/r  7e  /sfyAtsAS,  Cfy  CL'sprj  ^2CLTL  /%*7*  CZ”) . 


| Mr.  fo/tUTh  J  *(7  /%*/•  eftsnspy  Aef'S/  (K'lTrt'  /Aid 

I  ~~  t r — tt - - — — 


-2  . 


<?rxiLi/i4  f  s/  gtfr/uuy  4tf/  /SS  sS*tj  Sy-eJ  S  ASS 

OSi*.  *U/S  ArXd^  *>,  A  v*/A<y~  Att  Abut/.  ASA;  A  Ac<f~  /f  k.'A  suA  aAf'j 
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APPENDIX  D 

YDROLOGIC  &  HYDRAULIC  CALCULATIONS 


Ice  hockey  arena  downstream  of  dam,  (photo  location 
on  Possible  Flood  Damage  Area  Map  -  Appendix  D) 


Sink  holes  near  Ice  hockey  arena  (photo  location 
on  Possible  Flood  Damage  Area  Map  -  Appendix  D) 


#22  -  View  of  Downstream  Channel 


-  Concrete-box-gate  structure  with  steel  plate 
cover  near  downstream  toe  of  dam 


#18  -  Downstream  end  of  chute  spillway  before  drop 
structure 


Right  wall  of  chute 
spillway  (notice 
shrinkage  crack  and 
bottom  erosion 


Drop  structure  at  end  of  chute  spillway  (notice 
concrete  erosion 


#12  -  Right  wall  of  chute  spillway,  10  feet  downstream  of  crest 
(notice  shrinkage  cracks) 


#9  -  Looking  downstream  at  chute  spillway 


#10  -  Left  wall  of  chute  spillway  at  crest  of  dam 
(notice  efflorescence) 


#4  -  Crest  of  dam  looking  toward  right  abutment 


APPENDIX  C 


PHOTOGRAPHS 

LOCATIONS  OF  PHOTOS,  SEE  FIGURES  B-l 
ID  POSSIBLE  FLOOD  DAMAGE  AREA  MAP 
LOCATED  IN  APPENDIX  B  AND  D 
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333. 

17  20 

12. 

321. 

318, 

17  30 

12. 

309. 

302. 

17  40 

12. 

288. 

205 . 

17  50 

12. 

272. 

270. 

17  60 

12. 

257. 

255. 

Id  10 

12. 

299. 

24  2, 

la  20 

12. 

230. 

228. 

10  30 

12. 

216. 

217, 

10  40 

12. 

201  . 

205, 

18  50 

12. 

185. 

190. 

18  60 

11. 

168. 

173. 

19  10 

11. 

150. 

156. 

19  20 

I1* 

133. 

138, 

19  30 

11. 

116. 

128. 

19  40 

11. 

101. 

119. 

19  50 

10. 

87. 

109. 

19  60 

10. 

76. 

102. 

20  10 

9. 

66. 

96, 

20  20 

9. 

57  . 

90. 

20  30 

8. 

50. 

84. 

20  40 

a. 

93. 

78, 

20  50 

7. 

38. 

72, 

20  bO 

7. 

39. 

67 

21  10 

6. 

33. 

fcl , 

21  20 

6. 

31. 

57 

21  30 

6. 

30. 

54 

21  40 

5. 

29. 

51 

21  50 

5. 

28. 

48 

21  60 

8. 

21. 

45 

22  10 

9. 

26. 

43 

22  20 

9. 

25, 

40 

22  30 

9. 

29, 

38 

22  40 

9. 

23. 

36 

22  50 

9. 

22. 

35 

22  60 

3. 

21. 

33 

23  10 

3. 

20. 

31 

23  20 

3. 

19. 

30 

23  30 

3. 

19. 

28 

23  40 

3. 

IS. 

27 

23  50 

3. 

17. 

26 

23  60 

3. 

16. 

25 

SUM 

9098 

PEAK 

6-hO(JR 

29-H0U» 

72-HOuP 

346. 

202. 

63. 

63. 

d.  19 

10.22 

10.22 

100. 

125. 

125. 

TOTAL  VOLUME 
9098. 
1 0 .  £2 
125. 


0V4- 


APPPQX [MATE 


sub-are*  runoff  COMPUTATION 


institute  pond 

1ST  AQ 
0 


OAM  =1 
I  COMP 
0 


RUNOFF  COMPS 
IECON  ITAPE 
0  0 


JPLT 

1 


4PPT 

0 


INANE 

1 


IhYOG 

l 


STRKR 

0.00 


IUHG 

tarea 

SNAP 

PXCRCGRAPh  OATa 
TRSOA  TRSPC 

RATIO 

1  SNOW 

ISAmE 

local 

1 

.02 

0.00 

0.00 

l.Oo 

.500 

0 

0 

0 

SPEC 

PMS 

R6 

PRECIP 

912 

OATA 

R24 

p*a 

R72 

996 

0.00 

19.50 

100.00 

111.00 

120.00 

0.00 

0.00 

0.00 

dltkr 

R  T  JOL 

ERA  tN 

LOSS 

STRkS 

OATA 

RT  10* 

strtl 

CNSTL 

ALSPX 

RT  IMP 

0.00 

1.00 

0.00 

0.00 

1.00 

.63 

.12 

0.00 

o.oo 

TP  = 


UNIT  HYOBOORAPH  OATA 
.21  CP-  .63  NTAs 


RECESSION  OATa 

STRTO*  1.00  QRCSN-  -.10  RTICR*  1.50 
CLARK  COeFFlClENTS  FROM  GIVEN  SNYDER  CP  ANO  TP  ARE  TCr  1.58  AND  R=  .26  INTERVALS 


UNIT  rtYOGOGRAPH 
20.  34. 


6  END-OE-PERIOD  ORDINATES#  LAG* 
18.  5.  1.  0. 


.21  >-OURS#  CP*  .63  VCL*  1, 


ENO-OF- 

period 

TIME 

RAIN 

EXCS 

0 

10 

.02 

o.oo 

0 

20 

.02 

0.00 

0 

JO 

.02 

0.00 

0 

40 

.02 

0.00 

0 

so 

.02 

o.oo 

0 

60 

.02 

0.00 

l 

10 

•  02 

0.00 

I 

20 

.02 

0.00 

1 

.10 

•  02 

0.00 

1 

40 

.02 

0.00 

1 

so 

.02 

0.00 

1 

60 

.02 

0.00 

2 

10 

.02 

0.00 

2 

2  0 

.02 

0.00 

2 

JO 

.02 

0.00 

2 

40 

.02 

0.00 

2 

SO 

.02 

0.00 

2 

60 

.02 

0.00 

J 

10 

,02 

0.00 

J 

20 

.02 

0.00 

J 

JO 

.02 

0.00 

J 

4  0 

.02 

0.00 

J 

so 

.02 

0.00 

J 

60 

.02 

0.00 

4 

10 

.02 

0.00 

4 

20 

.02 

0.00 

*♦ 

10 

.02 

0.00 

4 

40 

.02 

0.00 

4 

so 

,02 

0.00 

4 

*0 

.02 

0.00 

5 

10 

.02 

0.00 

5 

20 

.02 

0.00 

5 

30 

.02 

0.00 

5 

40 

.02 

0.00 

S 

SO 

.02 

0.00 

5 

60 

.02 

0.00 

6 

10 

.06 

.04 

6 

20 

.06 

.04 

6 

30 

.06 

.04 

6 

*•0 

.06 

.04 

6 

so 

•  06 

.04 

6 

60 

.06 

.04 

r 

10 

.06 

.04 

7 

20 

,06 

.04 

7 

.10 

.0* 

.04 

1 

4  0 

,06 

.04 

7 

SO 

.06 

•  04 

r 

i  <■ 

•  <>6 

.0'. 

COMP  o 

1  • 
i. 
i . 
i. 

i. 

1: 

j. 

i. 
i. 
i . 
i. 
i. 
i. 
i. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 

?: 

Z. 

3. 

3. 

3. 

3. 

i. 

3. 

3. 

3. 


00 


3  20 
8  30 
8  40 
8  SO 
8  60 


10 

20 

30 

40 

50 

60 


10  10 
10  20 
10  30 
10  40 
10  50 


.06 
.06 
.06 
•  06 
•  06 
•  06 
•  06 
•  06 
.06 
•  06 
•  06 
.06 
.06 
•  06 
.06 
.06 


10 

60 

•  06 

11 

10 

•  06 

20 

•  06 

11 

30 

•  06 

11 

40 

•  06 

1  11 

50 

.06 

1  11 

60 

.06 

1  w 

10 

.33 

1  12 

20 

.33 

l 

2 

30 

.33 

l 

2 

40 

.33 

1 

2 

50 

.33 

2 

60 

.33 

3 

10 

.39 

3 

20 

.39 

3 

30 

.39 

3 

40 

.39 

13 

50 

.39 

13 

60 

.39 

l*. 

10 

.49 

!<• 

20 

.49 

14 

30 

.49 

14 

40 

.49 

14 

50 

.49 

14 

60 

.49 

15 

To 

1.24 

IS 

20 

1.24 

.04 

.04 

•  04 
.04 
.04 

•  04 
.04 

•  04 
.04 
.04 

•  04 
.04 
.04 
.04 
.04 

•  04 

•  04 

•  04 

•  04 

•  04 
.04 
.04 
.04 

•  31 
.31 
.31 
.31 
.31 
.31 
.37 
.37 
.37 
.37 
.37 
.37 
.47 
.47 
.47 
.47 
.47 
.47 

1.22 

1.22 


15 

30 

1.24 

1.22 

15 

40 

1.24 

1.22 

15 

50 

1.24 

1.22 

15 

60 

1.24 

1.22 

16 

10 

•  46 

.44 

16 

20 

.46 

•  44 

16 

30 

.46 

.44 

16 

40 

.46 

.4<* 

16 

50 

.46 

.44 

16 

60 

.46 

.44 

17 

10 

.36 

.34 

7 

29 

.36 

.34 

7 

30 

.36 

.34 

7 

40 

.36 

.34 

17 

60 

.36 

.34 

7 

60 

.36 

.34 

* 

10 

.03 

.01 

8 

20 

.03 

.01 

18 

30 

.03 

.01 

18 

40 

.03 

.01 

19 

50 

.03 

.01 

18 

60 

.03 

.01 

19 

10 

.03 

.01 

19 

20 

.03 

•  01 

19 

30 

.03 

.01 

19 

40 

.03 

•  01 

19 

SO 

.03 

.01 

19 

60 

.03 

.01 

20  10 

.03 

.01 

20  20 

.03 

•  01 

20  30 

.03 

.01 

20  40 

.03 

•  01 

20  50 

.03 

•  01 

20  60 

•  03 

.01 

2 

10 

.03 

•2! 

2 

2 

20 

30 

•  oi 

•  01 

2 

40 

.03 

•  01 

2 

50 

•93 

•si 

2 

60 

.03 

.0 

22  io 

.0’ 

.01 

22  20 

.0  ) 

.01 

)«) 

.0  5 

.o) 

n 

.1  ’ 

.0  1 

3. 

3. 

3. 

3. 

3. 

3. 

3. 

3. 

3. 

3. 

3. 

3. 

3. 

3. 

3. 

3. 

3. 

3. 

3. 

3. 

3. 

3. 

3. 

8. 

17. 

22. 

23. 

24. 

24. 

25. 

27. 

28. 
29. 
29. 
29. 

31. 

34. 
36. 
36. 
36. 
36. 
5). 
76. 
89. 

93. 

94, 
94. 
79. 
52. 
39. 

35. 
34. 
34. 

32. 
28. 
27. 
26. 
26. 
26. 
20. 

9. 

9. 

9. 

8. 

8. 

8. 

7. 

7. 

7. 

7. 

6. 

6. 

6. 

6. 

5. 

5. 

S. 

5. 

5. 

4. 

4. 

4. 

4. 

4. 

4. 

1. 

1. 


—Til  —'  ll  ITT— iiTT  |  . 


1 


0. 

0, 

0. 

0. 

2. 

i: 

2  • 
14. 
25. 
17. 
*  . 
3. 
2. 
1. 


1. 
1. 
1. 
0. 
2  • 
9. 
15. 
10. 

49. 
137. 
363. 
222  . 

99. 

50. 
30. 


0. 

0. 

0. 

0. 

2. 

i: 

2  • 
14. 
38. 
17. 

4. 

3. 

2. 

1. 


1  22  60 
1  23  10 
1  23  20 
1  23  30 
l  23  40 
1  23  50 
1  23  60 


.03 

.03 

.03 

.03 

.03 

.03 

.03 


.01 

.01 

.01 

.01 

.01 

.01 

.01 


SUH  23.40  20.52 


CFS 

INCHES 

AC-FT 


PEAK 

74. 


6-hOU« 

40. 

ia.56 

20. 


24-hOUR 

12. 

22.65 

24. 


3. 

3. 

3. 

3. 

3. 

2. 

2. 

1751. 

72-hOUR 

12. 

22.65 

24. 


TOTAL  VOLUME 
1753. 
22.65 
24. 


0. 

0. 

0. 

0. 

2. 

2. 

2. 

4. 

14. 

45. 

16. 

4. 

3. 

2. 

1. 


BUNOFF  MULT1PLIEO  .so 

0.  0.  o. 

0.  0.  o. 

0,  0.  o. 

o.  o.  o. 

2.  2.  2. 

1.  ?•  2. 

I:  ll:  12*‘ 

14.  15.  17. 

46.  47.  47. 

14.  13. 

4.  4.  4. 

3.  3.  2. 

2.  2.  2. 

i  • 


0. 

0. 

0. 

0. 

2. 

2. 

2. 

12. 

16. 

39. 

13. 

4. 

2. 

2. 


0. 

0. 

0. 

1. 

2. 

I: 

12. 

18. 

26. 

133l 

2. 

2  • 


cfs 

INCHES 

AC-FT 


PEAK 

47* 


6-mOUR 

20. 

9.20 

10. 


24-HCUR 

11.33 

12. 


72-mOUR 
6  . 
11.33 
12. 


TOTAL  VOLUME 
07  7, 

“ll? 


COMBINE  hYOROGRAPhS 


combining  flows  institute  pono 


1. 
1. 
0. 
0. 
3. 
10. 
16. 
id. 
55. 
1 66 . 
359. 
209. 
93. 
47  . 
20. 


ISTAQ 
0 


1. 
1. 
0. 
0. 
3. 
11  . 
16. 
21. 
61. 
202. 
349. 
194. 
07. 
45. 
27. 


ICOMP 
2 


'  iecon 
o 


=1  ANO  PONO  =2 
1  TAPE  JPL  T 
0  l 


SUM  OF 
1. 
1. 
0. 
0. 

4  . 
12. 
16. 

25. 
60  • 

232. 
333. 
177. 
01  . 
42. 

26. 


HYCROGRAPHS 

1. 

1. 

0. 

0. 

4  . 

12. 

l?. 

28. 

76. 

256  . 

315. 

160. 

15. 

40. 


AT 

l. 

1. 

0. 

0. 

5. 

13. 

W. 

30. 

05. 

208. 

298. 

142. 

69. 

30. 


JPPT 

0 


1  . 
1  . 
0. 
1  . 
6. 
13. 
17. 
32. 
94. 
317. 
203. 
132. 
64. 
36. 


INANE 

1 


CFS 

INCHES 

AC-FT 


PEAK 

363. 


-HOUR 

219. 

0.14 

109. 


24-HOUR 

69. 

10.31 

137. 


72-HOUfi 

69. 

10.31 

137. 


total 


1. 
1. 
0. 
1. 
7. 
14. 
17. 
34. 
102. 
330. 
268  . 
122. 
59. 
34. 


VOLUME 

9974. 

10.31 

137. 


mYOROGHAPm  POUTING 


THPU  PP  I  MAR  Y  SP  ILL1"  A  Y  AT 
ISTArj  ICOMP  1ECCN 

0  1  0 

POND  51 
ITapf 

0 

jplt 

0 

jPPT 

0 

INANE 

1 

ROUTING  OATA 

IRES 

I  SAME. 

QL055 

CLOSS 

AVG 

0.0 

0.000 

0.00 

1 

0 

NS  TPS 

NSTIJL 

LAG 

AMSKK 

A 

TSK 

STORA 

0 

0 

0 

0.000 

0.000 

0.000 

“  1  a 

1 . 

#  2. 

* . 

1  a.  A 

4  * 

i  n  <- 

K 

7. 

».  i 

M  , 

..  >  i> 

0. 
0. 
0. 
2. 
2. 
2. 
2. 
12. 
1 6. 
19. 
10. 
3. 
2. 
1. 


.  1. 
1. 
0. 
2. 
2. 
14. 
lb. 
30. 
110. 
346. 
252. 
112. 
56. 
33. 


0. 

0. 

0. 

2. 

2. 

i: 

14. 

18. 

17. 

S. 

3. 

2. 

1. 


1. 
1. 
0. 
i  . 
8. 
IS. 
18. 
44. 
116. 
358. 
^  33. 
108. 
53. 
31. 


lb. 


mt  m  l  «>«'l  tUl.l 


>  V* t 


rrs 

INCHES 
flC-F  T 


14 

30 

14 

40 

14 

so 

14 

bU 

15 

10 

IS 

20 

IS 

30 

15 

*♦0 

15 

50 

15 

60 

16 

10 

16 

20 

1  16 

JO 

1  16 

40 

1  16 

50 

1  16 

60 

1  17 

10 

l  17 

20 

1  17 

JO 

17  80 
17  SO 


1  17  60 

l  la  10 
1  18  20 
1  IS  30 
1  18  <*0 
1  18  SO 
1  18  60 
1  IS  10 
1  19  20 
1  19  30 
19  *0 
19  SO 

19  60 

20  10 
20  20 
20  JO 
20  80 
20  SO 
20  60 

‘  21  10 
1  21  20 
1  21  30 
l  21  80 
1  21  50 
1  21  60 
1  12 
1 

1  22  30 
1  22  80 
1  22  50 
l  22  60 
l  23  10 
1  23  20 
1  23  30 
1  23  80 
23  SO 


1  23  60 
S08 

peak 

368. 


90. 

98. 
106. 
118. 
127. 
151. 
188. 
217. 
288. 
272. 
303. 
323. 
338  . 
352. 
361. 
361  . 
358. 
381. 
328. 
307  . 
290. 

2  75. 
260. 
282. 
227  . 
216. 
202. 
186. 
168. 
151. 
13/. 
127. 
117. 
108. 
102. 
96. 
90. 
88. 
78. 
72. 
66. 
62  * 
St*. 
54. 
SI. 

4b. 

43. 
4  V  . 
3*. 
37. 
35  • 
33. 
32. 

30. 

29. 

?a. 

26. 


6-hOIJH 
218. 
Vi. 13 
108. 


24-HOUR 

69. 

10.22 

136. 


83. 

<52. 
100. 
105. 
119. 
137. 
164. 
198. 
228. 
256  • 
286. 
317. 
349. 
354. 
364. 
360. 
351. 
335. 
31B  • 
303. 
295  • 

2e2. 
268. 
251. 
216. 
223. 
209. 
194. 
177. 
161. 
147. 
136. 
125. 
116. 
108. 
101. 
95. 
89. 
83. 
76. 
71. 
66  • 
61. 
57. 
54. 
51 . 
49. 
47. 
45. 
43. 
41. 
39. 
37  . 
35. 
34. 
32. 
31. 
29. 

9885. 

72-HOU« 

6V. 

10.22 

136. 


TOTAL  VOLUME 
9885. 
10.22 
136. 


hyOROGRAPm  AT 

ROUTED  TO 

bYO*OG»&PH  A  7 

2  COMHINEO 
40UTE0  TO 


RUNOFF  SUMMARY*  AVERAGE  FLOW 


PEAK 

6-HOUR 

24-mOUR 

72-HOUR 

AREA 

346. 

209. 

64. 

64. 

•  23 

346. 

202. 

63. 

63. 

.23 

47. 

20. 

6. 

6. 

•  02 

363. 

219. 

69. 

69. 

.25 

364, 

218. 

69. 

69. 

.25 

9-85 
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